SELECTED MATERIALS FOR USE IN MICROSOUND CIRCUITS AND COMPONENTS: THEIR ELASTIC, PIEZOELECTRIC, AND DIELECTRIC PARAMETERS
The design, manufacture, and evaluation of microsound circuits and components for practical applications demand detailed information on the behavior of surface waves on the various crystalline materials to be used (see, for example, Stern ) . Successful realization of microsound circuits and components depends, therefore, on intelligent utilization of the well established physical properties of materials that are to be used in the design and manufacture of these circuits and components. The properties of primary interest are of course the elastic constants and density, piezoelectric parameters, and dielectric constants.
The purpose of this memorandum is to present tables containing a critical compilation of the elastic, piezoelectric, and dielectric parameters of selected materials that are of potential interest in applications to microsound circuits and components. Table I presents the elastic constants of 22 crystals along with the crystal density and percent elastic (shear) anisotropy. The piezoelectric strain and stress constants of 16 selected crystals are given in Table II and Table III lists the dielectric constants for 11 crystals. A brief description of each of these properties is given in the Appendix, for the purpose of assisting the users of these tables. 
APPENDIX
The macroscopic properties of crystals such as elasticity, piezoelectricity, and dielectric behavior are functions of their crystal symmetry. From a macroscopic point of view, the crys-2 tals are divided into 32 crystal classes with seven crystal systems (see, for example, Kittel). The symmetry properties are described by symmetry elements, such as symmetry axes, sym-3 metry planes, etc. A standard text such as one written by Nye gives a detailed description of these symmetry elements and their properties with respect to reference coordinates. In all cases, the material constants are related to the main orthogonal coordinate system X, Y, Z which for the crystal systems of orthorhombic and cubic symmetries is uniquely determined by the crystallographic axes a, b, c. X is parallel to a, Y is parallel to b, and Z is parallel to c. Different notations are used in the monoclinic crystal system for the principal crystallo-4 graphic axes. According to the Institute of Radio Engineers, the main coordinate system is defined as follows: the Y axis is parallel to the symmetry axis b, and the angle between the crystallographic axis a and c is always obtuse. The c axis is then chosen as the shorter axis. The Z axis is parallel to c, and the X axis together with the Y and Z axes form a rectangular coordinate system. These notations are used throughout this memorandum.
In general, the elastic and electric quantities of state are related to each other by 21 elastic, 18 piezoelectric, and 6 dielectric constants for the lowest symmetry crystals, as, for example, in a triclinic crystal. The number of independent constants decreases as crystal symmetry becomes greater. For example, a cubic crystal has only 3 elastic constants and 1 piezoelectric and 1 dielectric constant. Table A-l summarizes the number of independent constants of a given crystal property, and lists the 20 crystal classes in which the piezoelectricity exists.
In piezoelectric crystals, the elastic and electrical properties are related to each other. If the components of the elastic stress tensor T and those of the strain tensor S are chosen as elastic variables, and the components of the electric field vector E. and the dielectric displacement vector D. are chosen as electric variables, where the tensor components are indicated by Greek letters (ranging from 1 to 6) and the vector components by Latin letters (ranging from 1 to 3), then four different piezoelectric equations of state exist according to the choice of the independent variables. In the most general case, e.g., a triclinic crystal, these equations of state in rationalized units are given as follows:
Elastic equations (converse piezoelectric effect):
fj. 
Each system of the above equations consists of nine equations, six of which are the elastic equations (since the suffix \i -1, . . . , 6) and three of which are the electric equations (since the suffix 3 = 1, 2, 3). The addition of the superscripts E, D, and occasionally the elastic charge density a to the elastic constants, and T and S to the dielectric constants in the above equations,
refer to boundary conditions and indicate the quantity which should be kept constant in each case. The descriptive definition of these constants appeared in Eqs. (1) through (4) In the literature dealing with piezoelectric materials, we often find quantities designated by k. , the static electromechanical coupling factors (see, for example, Ref. 5 for a working definition). For a resonance element, however, a distinction must be made between the static and dynamic coupling factors; the dynamic coupling factor should be smaller than the static.
